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FOREWORD

This report was prepared for the Department of the Air Force,
Ballistic Missile Office (BMO) under Contract No. F04704-80-C-
0006. It is a progress report and presents the results of a
geotechnical study performed at the mobility test tracks in
Engineering Test Bed at Nevada Test Site, Nevada. Further
studies are scheduled during and after the mobility tests. It
is planned to prepare additional progress reports following
these studies.
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1.0 INTRODUCTION

1.1 BACKGROUND

This progress report presents the results of the geotechnical

study performed at the three road test tracks at Engineering

Test Bed (ETB) in Nevada Test Site, Nevada (see location map in

Figure 1-1). The test tracks are part of the mobility study

planned by the Boeing Company in which a Terex 33-15 vehicle

will traverse the tracks. The test tracks are located northeast

of the previously constructed prototype vertical shelter and

loop road. Thi's study was performed to determine the geotechni-

cal properties of the soils at the test tracks. Further studies

are planned during and after the mobility tests.

1.2 TEST TRACKS

-* The three test tracks are designated as test tracks B, C, and G

and were constructed by small amounts of cut and fill. Neither

compaction nor treatment of the graded soils was performed.

However, the surficial soils may have been compacted slightly

due to the operation of construction equipment. Tracks B and C

were constructed prior to April 1980 while track G was construct-

ed between 12 August and 17 August 1980. Track B is 1900 feet

long and is located in the flank of the Little Skull Mountain.

It consists of two sections; one from Station 0+00 to 6+00 with

four percent grade and the second from Station 7+00 to 19+00

with one percent grade. The two sections are approximately

perpendicular to each other. Tracks C and G are 1200 feet long

located in the center of the valley, and have 0.5 percent grade.

"JiGRO NAVIONAt INC
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1.3 SCOPE

The scope of this study consisted of the following:

o Field investigation: Cone Penetration Tests (CPTs), test
pits and in situ field density and moisture content tests;

o Laboratory investigation: Classification, compaction,
relative density, California Bearing Ratio (CBR) , and
triaxial compression tests;

o Data analysis: Summary of the field conditions, physical
and engineering properties of soils at the test tracks, and
discussion on pre- and post-mobility test CPTs at track C.

IR0 MATINA& IN
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2.0 GEOLOGY

2.1 GENERAL

The three test tracks, are in Jackass Flats located in the south

west corner of the Nevada Test Site. The area is just north of

U.S. Highway 95 at its junction with State Highway 29 at Lathrop

Wells, Nevada (Figure 2-1). Jackass Flats is located within the

Great Basin physiographic province, an area characterized by

large fault-block mountain ranges separated by aggrading alluvi-

al basins. The test tracks are bounded on the north by the

Little Skull Mountains which are composed chiefly of Tertiary

basalt with minor ash-flow tuffs. The Striped Hills are located

in the southern end of the site and consist of lower-Paleozoic

limestone and dolomite. The western boundary is along Fortymile

Wash, a deeply incised channel which flows southward into the

Amargosa Desert.

The principal surficial geologic units are alluvial fan deposits

of young (A5y) to intermediate (A5i) age. These deposits

consist of sand and gravel, moderately to well-cemented by

caliche. Overlying the alluvial fan deposits is a veneer of

eolian sand (A3s) which ranges in thickness from zero to over 5

feet. Fluvial or stream channel deposiLs (Al) consisting of

loose sand, gravel, cobbles, and boulders, are found along

Fortymile Wash and Topopah Wash as well as numerous smaller

drainages which generally flow south-southwesterly across the

site.

"GR0 NATIONAK INC
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2.2 TEST TRACK B

Test track B is located along the southwestern flank of the

Little Skull Mountain (Figure 2-1). The underlying deposits

consist of a thin mantle of young alluvial fan material (A5y)

overlying intermediate-age alluvium (A5i). Test pit logs

indicate that the soil is a gravelly sand (SP-SM and SW-SM).

Stage I to III caliche, with local occurrences of Stage IV

caliche, exist in this sand sometimes throughout the stratum or

in the form of layers. This well-developed caliche, occurring

at shallow depths, indicates that the uncemented younger allu-

vial fan deposit at the surface is very thin and is underlain by

cemented intermediate alluvial fan material. Caliche develop-

ment is somewhat more advanced than is generally encountered in

the Nevada-Utah siting region, probably due to abundant local

- sources of calcium carbonate. Decomposition of basalt clasts in

alluvium derived from the Little Skull Mountain and active

eolian aggradation of calcareous dust on fan surfaces provide

calcium carbonate needed for caliche formation.

2.3 TEST TRACK C

Test track C is located in the center of the valley adjacent to

the Lathrop Wells Road and northeast of the prototype vertical

shelter test bed (Figure 2-1). A thin mantle of poorly graded

eolian sand (A3s) up to 5 feet thick overlies intermediate age

alluvial fan deposits. Fortymile Wash has incised deeply into

[the intermediate fan surface indicating that the surface of

the fan has been abandoned as a surface of material transport

for a long period of time. A moderate to well-cemented caliche

-r71
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horizon (Stage III and local occurences of Stage IV) occurs at

the base of the eolian deposits. The source of calcium carbon-

ate in this extensive caliche deposit is in part from calcareous

dust and sand blowing northward from the Amargosa Desert and

from basic volcanic rocks in the alluvium. This relatively

abundant source of calcium carbonate resulted in accelerated

development of caliche in the soil profile.

2.4 TEST TRACK G

Test track G is located approximately 85 feet northeast of track

C (see Figure 2-1). The geology is essentially the same for

both tracks C and G.

- CEO NATIONA& INC
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3.0 FIELD INVESTIGATION

The first phase of the field investigation, consisting of test

pits, field density and moisture content tests, and was per-

formed for test tracks B and C between 28 April and 1 May 1980.

The second phase of investigation (15 to 17 August 1980) was

performed following mobility tests on track C. It consisted of

CPTs at test track C, the newly constructed track G, and in the

virgin desert (undisturbed ground) northeast of track G. The

locations of the field activities are shown on Figures 3-1

through 3-3 and are summarized below:

Test
Track or Total Total
Location Length (ft) Activity Number Depth (ft)

B 1900 Test Pit 8 2.0 to 5.4
In Situ Density and Moisture 9 -

Disturbed Bulk Sample 14
CPT 50 0.8 to 10.5

C 1200 Test Pit 4 3.5 to 6.0
In Situ Density and Moisture 12
Disturbed Bulk Sample 15
CPT (pre-mobility testing) 42 3.8 to 6.4
CPT (post-mobility testing) 42 2.6 to 5.5

G 1200 cPr (pre-mobility testing) 18 2.9 to 5.6

Virgin
Desert - CPT 7 4.4 to 6.0

The methods of excavating test pits, sampling, and logging as

well as performing in situ density and moisture content tests,

were similar to those used presently in the ongoing MX Field

Verification Program in Nevada and Utah valleys and are described

in Appendix A. The CPTs were performed by the same equipment

oNATBaI
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used in the MX Field Verification Study. The equipment and

method of cone penetration testing are described in Appendix B.

The logs of the test pits and CPTs are included in Appendices A

and B, respectively. The depths of the test pits and CPTs were

limited by the capability of the equipment when they encountered

the hard strata of caliche as shown in the profiles for test

tracks B (Figure 3-1) and C (Figure 3-2).

The in situ density and moisture content test results are shown

in Tables 3-1 and 3-2 for test tracks B and C, respectively.

These tables also include the average cone end bearing resist-

ance (qc, tsf) from CPTs at the corresponding locations and

depths of in situ density tests.

*1

j! iaNTo~



INDIVIDUAL TEST RESULTS
RANGE

TEST PIT B-P-I B-P-2 B-P-3 B-P-4 B-P-5 B-P-6 B-P-7 B-P-8 OF AVERAGE
NUMBER RESULTS

CORRESPONDING B-C-37 B-C-4 B-C-39 B-C-40 B-C-26 B-C-22 B-C-44 B-C-34CPT

DEPTH
INTERVAL (ft.) [1.0-1.5]

99.9-
Yd (pcf) 115.9 - 113.5 105.2 114.5 - 109.6 99.9 109.8115.9

o 4.7-
a3 MIC (%I 8.0 - 7.0 4.8 7.0 - 5.4 4.7 6.2'" 8.0

AVERAGE 260-
qc tsf 330 - 300 260 450 - 260 550 358

DEPTH
INTERVAL (ft.) [2.0-2.5]

!Yd (pcf) - - - 104.8 - 93.7 - - 99.3
104.8

o 3.0-
M/C (%N I X 3.0 - 3.2 - - 3.1

-3.2 <I

AVF.RAGE 110--
s - - 110 - 260 - - 185~ (isfI260

DEPTH
INTERVAL (ft.) (3.0-3.5]

Yd (pcf) - - - 112.1 . . .. 112.1 112.1

0
w MIC(%) - - - 2.0 . . . . 2.0 2.0
I-"

C)
AVERAGE
qc (tsf) - - - 265 . . . . 265 265

EXPLANATION

Yd DRY DENSITY

M/C MOISTURE CONTENT

qC CONE END BEARING RESISTANCE

FIELD TEST RESULTS
TEST TRACK 8, ETB MOBILITY STUDY

NEVADA TEST SITE, NEVADA

YX SITING INVESTIGATION TISLt

OEPARTVENT OF THE AIR FORCE - DMO 3-1

"- ORO NATIONAL INC.
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INDIVIDUAL TEST RESULTS
TEST -T -RANGE

TEsT PIT C-P-1 C-P-2 C-P-3 C-P-4 OF AVERAGENUMBER ___I_________

CORRESPONDING 
RESULTS

-CPT NUMBER C-C-38 C-C-20 C-C-36 C-C-28

DEPTHINTERVAL (ft.) [1.0-1.5]

Yd (pcf) 110.2 105.0 108.5 97.9 97.92 105.4

01 
10.2

>-

(0
M/C (%) 4.9 5.0 5.6 5.8 4.9-5.8 5.3

I-

90 140 110 100 90-140 110
qc(tsf)

DEPTH

INTERVAL (fW. [2.0-2.5]
P 1000-

Yd(pcf) 108.4 107.6 100.0 104.8 108.4 105.2

cr-
0
(D m/c 6.7 5.7 6.1 6.3 5.7-6.7 6.2
<

C.) AVERAGE
90 160 100 110 90-160 115

A DEPTH" *=LDEPTH[3.0-3,5]

INTERVAL (ft.) [3.0-3.5_

Yd(pcf) 108.5 107.8 107.4 112.0 107.8- 108.9
>. 112.0

0
MIC (%I 7.6 6.8 5.9 6.0 5.9-7.6 6.6

I-
C)

AVERAGE

qc (tsf) 250 105 80 125 80'250 140

EXPLANATION

Yd DRY DENSITY

j M/C MOISTURE CONTENT

qc CONE END BEARING RESISTANCE

FIELD TEST RESULTS
TEST TRACK C, ETB MOBILITY STUDY

NEVADA TEST SITE, NEVADA

MI SITING INVESTIGATION TABLE

DEPARTMENT OF THE AIR FORCE -BMO 3-2
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4.0 LABORATORY INVESTIGATION

Laboratory tests were performed on soil samples obtained from

the test pits excavated in test tracks B and C during the first

phase of field investigation. The tests consisted of: classi-

fication, compaction, relative density, CBR, and triaxial

compression. The number of tests performed is summarized below:

NUMBER OF TESTS

TEST Test Track B Test Track C

Sieve Analysis 8 11
Atterberg Limits 10 1
Specific Gravity 5 3
Compaction 3 2
Relative Density 3 3
CBR 4 2
Triaxial Compression 2 1

The test procedures generally conformed to those of the American

Society for Testing and Materials (ASTM) standards. In the

relative density tests, both dry and wet methods were used to

determine the maximum and minimum dry densities. In the CBR

tests, the samples were compacted at both field and optimum

moisture contents. However, only the samples compacted at

optimum moisture content were soaked before performing the

penetration tests. In the triaxial compression tests, the

samples compacted at both field and optimum moisture contents to

different densities were used.

The grain size distribution curves of soil samples from track B

are shown in Figure 4-1. The results of relative density, CBR,

and triaxial compression tests are presented in Table 4-1

and Figures 4-2 through 4-4, respectively.
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MAXIMIUM MINIMUM
DRY DENSITY, pcf D RY- DENSITY, pcf
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I
The grain size distribution curves of soil samples from track C

are shown in Figure 4-5. The results of relative density, CBR,

and triaxial compression tests are presented in Table 4-2

and Figures 4-5 through 4-8,respectively.

Detailed laboratory test results are presented in Appendix C.
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5.0 DISCUSSION OF RESULTS

In this section, the results of both the field and laboratory

investigations are discussed briefly.

5.1 TEST TRACK B

The test pits revealed that between grade and the depths of 2.0

to 5.4 feet, the soil is a fine to coarse gravelly sand, red-

brown in color, poorly to well-graded, calcareous and contains

traces of nonplastic silt, fine gravel, cobbles or boulders.

The sieve analysis indicates that the soils are in the SP-SM and

SW-SM categories of the Unified Soil Classification System

(USCS). All Atterberg limit tests performed classify the

soil as nonplastic. This sand is generally dense except at

test pits B-P-4 and B-P-8 where it is loose. Stage I and III

caliche, with local occurrences of stage IV caliche, exist in

this sand sometimes throughout or in the form of layers. This

caliche changes the in situ consistency of the sand to a very

dense state.

In situ dry densities of uncemented soils at track B ranged

from 93.7 to 115.9 pcf. There does not seem to be any obvious

trend of increasing density with depth. The limited test re-

sults of the in situ moisture contents show that the soils are

drier at a greater depth, with 4.7 to 8.0 percent moisture

content near the surface decreasing to about two percent at a

depth of 3.5 feet. The high moisture content at the surface is

due to the rainfall prior to the field work.

fjGRO NATeOWM *INC
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Results of the laboratory tests were used to estimate the CBR

and angle of internal friction ( ) for the soils at track B at

their in situ densities (see Table 5-1). The soaked CBR ranged

from zero to 46 percent and the unsoaked CBR ranged from zero

to 70 percent. The wide range of relative compaction of the in

situ soils leads to these extreme values of CBR. The estimated

angle of internal friction ( ) ranged from 35.30 to 40.50 at

optimum moisture content and from 38.50 to 47.50 at field

moisture contents.

It is difficult to interpret the CPT results of test track B

because of the nonuniform distribution of the caliche cemen-

tation. The depth where the CPT met refusal varies from 0.8 to

10.8 feet (see profile in Figure 3-1). Appendix B presents

detailed CPT results for track B.

5.2 TEST TRACK C

Between grade and the depth of 3.0 to 5.0 feet, as indicated by

the test pits, the soil is a fine to medium sand, brown in

color, poorly graded, and calcareous, with traces of nonplastic

silt or gravel. The sieve analyses indicate that the soils are

in the SP-SM and SW-SM categories of the USCS. The sand is

generally medium dense and is underlain by a cemented caliche

horizon which could not be excavated by d backhoe.

In situ densities of soils at track C ranged from 97.9 to

112.0 pcf. The limited test results of the in situ moisture

contents show that the soils are slightly more moist at depth,

IU RO NATIONAl INC
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with 4.9 to 5.8 percent moisture content near the surface

increasing to 5.9 to 7.6 percent at a depth of 3.0 to 3.5

feet.

Results of laboartory tests were used to estimate the CBR and

angle of internal friction (f) for the soils at track C at their

in situ densities (see Table 5-2). The soaked CBR ranged from

12 to 74 percent and the unsoaked CBR ranged from 18 to 64

percent. The estimated angle of internal friction (0) ranged

from 31.50 to 41.00 at optium moisture content and from 33.00

to 42.50 at field moisture contents.

A large number of the pre-mobility test qc (end bearing resist-

ance, tsf) profiles from the CPTs show a steady increase of

qc in the overlying sand to about mid-depth of the total

penetration. Then qc decreases with depth until refusal at

the end of the tests when the cone encountered the underlying

layer of caliche; see Drawing B-1 in Appendix B. During the

week of 4 August 1980, the Terex 33-15 vehicle, equipped with

50/42T tires inflated to 95 psi pressure (wheel load: 65 kips,

30 percent tire deflection, 19" x 42" footprint), traversed the

test track at 10 mph for 25 successful passes. On the third day

of mobility testing during the 26th pass, the vehicle got stuck

near Station 6+00. The tires sank about 10 inches and the

undercarriage of the vehicle (7-1/2" clearance above the ground)

started dragging. Before getting stuck, the wheels were churn-

ing and even applying full throttle (1600 hp engine) did not

alleviate the situation. Water was sprayed on the soil where the
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tires sank and using a dozer, forklift, and other equipment, the

Terex 33-15 was pulled out.

Post-mobility test CPTs were conducted at test track C on 15 and

16 August 1980. Some of these CPTs were performed in the rut

formed by the 25 passes of the Terex vehicle. The locations of

all pre- and post-mobility test CPTs are shown in Figure 3-2.

Appendix B includes results of all initial and post-mobility

test CPTs (end-bearing resistance versus depth only). In

addition, Table 5-3 presents a numerical comparison of end-

bearing resistance before and after mobility testing at depths

of 1, 2, and 3 feet.

The post-mobility test CPTs on centerline and 10 feet right of

centerline generally indicate an increase in cone resistance at

all depths. (At 1-foot depth, qc increased by 1 to 180 tsf,

average being 40 tsf). This increase may be due to a combina-

tion of dessication and compaction by the Terex vehicle. The

cone resistance decreased somewhat at Stations 6+00 and 7+00,

and this decrease was likely caused by disturbance during

removal of the stuck Terex vehicle.

The CPTs performed in the left tire tread mark (C-14P through

C-25P, and C-38P) indicate an increase in cone resistance

between Stations 0+00 to 5+00 and 10+00 to 12+00 and a decrease

in cone resistance (at 1 foot depth, range of decrease = 6

to 96 tsf, average = 34 tsf) for the intermediate Stations

(6+00 to 9+00). The area of decrease in cone resistance corre-

sponds with the area of visual disturbance by the Terex 33-15 as

Ti Ra NATIONAl oNe.
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-96 10 98 10 170 .72
C-20P -TA -0-0 SA 10+0 -

-100 OUTSIDE EDGE C-35 1TA 10F0 2.0 100 C-35P ST 0F 2.0 I 130 30
OF TIRE TREAD 10 RTOF C.L 10' RT+OF C L .....

MARK S 30 89 3.0 95 + -3

+1 10 101 212
C-212P 1 I STA 11+00 2 . 1

+37 INSIDE EDGE C-36 1 0 105 C36P RI20 155, +50
OF TIRE TREAD 10 FTOFC.L. 10 FTOFCL

+66 MARK 3.0 92 30 115 +23

1.0 67 1.0 40 -27C-22P T120; T1+0
+65 ' CENTER OF C-37 STA 12+00 2.0 85 C-37P STA 12+00 2.0 98 +13

TIRE TREAD 10 RT OF C.L. 10 RT OF CL.
+91 MARK 30 79 3.0 200 +121

10 83 1.0 100 +17
OF-TIR TREAD0 .0 I 0 STAO0+00 C-38P INSIDE

[7 5OUTSIDE 460 EDGE OF
OF TIRE TREAD 10' LT OF C.L., 12' LT OF C L .0 20 412 RE A

+47 MARK 30 118 3.0 240 +122 MARK

+10 C-24P 10 170 1.0 250 +180

+80 INSIDE EDGE C-39 STA 0+00 2. 172 C-39P STA 0+O0 195 +23
OF TIRE TREAD 10' RIT OF C L.1 1RTOFC.L 2 _9 +

+72 MARK 30 130 30 131 +1

+5 O E-25PG - STA 6+27 _-- - . IN HEAVED SOIL
OUTSIDE EDGE C-40P 20 172 - AH&AD OF RUT
OF TIRE TREAD 4 ........ WHERE TEREX+99 MARK -I 3.0 310 - STUCK

+15 C-26P THROUGH STA 6+23.5 10 135 IN BOTTOM

+13 C-37P NOT IN 20 200 OF RUI WHERE
TIRE TREAD 4' RIT OF C.L TEREX STUCK

+66 MARK - 3.0 245

.23- - 1.0 129 D
-16 - G-42P STA6412 - BEHINDDEEP

64 R OF C.L 2.0 175 - RUT WHERE44 FT O-- TEREX STUCK

+14 - -3.0 140 -

+37

±37 _NOTES:

+25 C-29 NOT IN STA STATION
+t'3 - TIRE TREAD FI RIGHT :" .. .-13 MARK COMPARISON OF PRE- AND POST-MOBILITY TEST CPTs
__3___LT LEFT TEST TRACK C

ETB MOBILITY STUDY
C.L. CENTER LINE NEVADA TEST SITE, NEVADA

WlPARIMENI OF THE AIk FURLE BMO 5-3

" nno NATIONA0 INO.
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it sank and became stuck. The decreases tend to be more

3 pronounced at the inner and outer edges of the tire track than

at the center.

Three additional CPTs were performed in the right tire tread

m  Nmark at the location where the Terex bogged down. As expected,

the CPT (C-40P) in the heaved soil behind the wheel gave a very

low value (8.5 tsf) at shallow depth but increased rapidly

3 thereafter. Visually the upper 1-foot of material was severely

displaced and gave the appearance of a pile of loose sand. The

I CPT (C-41P) at the deepest point of the rut where the Terex got

stuck gave fairly high resistance values; this was probably

a result of the wetting and compaction induced during removal of

3 the stuck vehicle.

5.3 TEST TRACK G

No test pits were excavated at this test track by Fugro National

I but the surface material is fine to medium sand, brown in color,

poorly graded, and calcareous, with traces of nonplastic silt

I and gravel. Based on the CPT results, the sand is generally

medium dense and is underlain by a caliche layer at a depth of 5

Substantial quantities of water were added during the grading of

track G. CPT's were performed following this grading operation.

The CPT profiles at track G are very similar to those at track

3 C, therefore, the same comments of Section 5.2. apply with

regard to the shape of the qc versus depth plot. The average

I
,I |iIf NItoN--- ,PE
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_qc is 63, 93, and 109 tsf at depths of 1, 2, and 3 feet,

3 Irespectively.
5.4 VIRGIN DESERT

No test pits or field density tests were performed on the virgin

I desert, but the surface material visually classifies the same as

at tracks C and G. The moisture content visually appears to be

lower than at tracks C and G.

I The seven CPTs performed on the virgin desert, 25 to 35 feet

I northeast of track G (see CPT logs in Appendix B), have similar

qc profile shapes. Typically, the end bearing resistance

I(qc tsf) steadily increased from the surface to refusal. The

depth to refusal ranged from 4.4 to 6.0 feet. End bearing

I resistance averages 38, 60, and 85 tsf at 1, 2, and 3 feet below

I grade, respectively.

The CPT profiles of the virgin desert have a distinctly differ-

ent shape than those of tracks C and G. The test track roadbed

materials exhibit a peak cone resistance at 2 to 3 feet, then

the resistance drops off before reaching the underlying caliche

I layer but the CPTs performed on the virgin desert did not

exhibit this intermediate peak in cone resistance (see Drawing

I B-2 in Appendix B). This indicates that the surficial soils in

3 tracks C and G have been compacted to a certain extent by the

construction equipment used during the grading operations.

I
5 uC0N719M N
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I
Al.0 METHODS OF EXCAVATION OF TEST PITS,

- SAMPLING, FIELD DENSITY AND MOISTURE CONTENT TESTS

A1.1 Excavation

j Test pits were nominally 2 feet wide and ranged from 5 to

10 feet in length. The depths of pits were limited by the hard

I caliche cementation. The excavated material was deposited on

one side at least 4 feet from the edge of the test pits in order

to minimize stress loads at the edges. The excavations were

backfilled with the excavated material and the ground surface

was restored to a condition as conformable with the surrounding

I terrain as practical.

A1.2 Sampling

The following sampling procedures were generally followed.

o Representative bulk soil samples (large and small) were
obtained from different depths.

- o All large bulk samples were placed first in plastic bags3 and then in cloth bags. Small bulk samples were placed
in small plastic bags. All sample bags of soil were tied
tightly at the top to prevent spillage and tagged with the
following information: project number; trench, test pit,
or surficial sample number; bulk sample number; depth range
in feet; Unified Soil Classification symbol; and date.

I A1.3 In Situ Density and M/C

Where possible the in situ field densities and moisture contents

were determined at depths of 1.0, 2.0 or 3.0 feet (0.3, 0.6, or

1 0.9 m). The sand cone method (ASTM 1556-64) was used for the

field density determination. The Speedi-Moisture method was

I used to determine field moisture contents.

I

,| ju..--ATUN. ,.°
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I
A2.0 EXPLANATIONS OF TEST PIT LOGS

Field density and moisture content test results are included in

I Appendix C, Table C-i.

All data from test pits are presented on standard Fugro National

logs. Explanations of the column headings on the logs are as

follows:

A. Designations - Test pits are identified as follows:

B-P-I
I B - abbreviation for the test track (e.g., test track 'B')

P - abbreviation for test pit
1 - number of test pit

B. Depth - Corresponds to depth below ground surface in meters
and feet.

C. Lithology - Graphic representation of the soil and rock

types.

D. USCS - Unified Soil Classification System (see Table A-i for

complete details) symbols.

E. Soil Description - Except in cases where samples were clas-
sified based on laboratory test data, the descriptions are
based on visual classification. The procedures outlined in
ASTM D 2487-69, Classification of Soils for Engineering
Purposes, and D 2488-69, Description of Soils (Visual-Manual
Procedure) were followed. Solid lines across the column
indicate known change in strata at the depth shown.

Definitions of some of the terms and criteria to describe
soils and conditions encountered during the exploration
follow.

I Gradation : A coarse-grained soil is well graded if it has
a wide range in grain size and substantial
amounts of most intermediate particle sizes.

Poorly graded indicates that the soil consists
predominantly of one size (uniformly graded) orj has a wide range of sizes with some intermedi-
ate sizes obviously missing (gap-graded).

I
-ficG *AUONaI INC
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!
Moisture : Dry - no feel of moisture

3 Slightly Moist - much less than normal moisture
i Moist - normal moisture for soil

Very Moist - much greater than normal
moisture

Wet - for soils below the water
table

Consistency: Consistency descriptions of coarse-grained
Usoils (GW, GP, GM, GC, SW, SP, SM, SC) are as

follows.

Consistency

Very Loose
Loose
Medium Dense
Dense

I Very Dense

Grain Shape: Angular - particles have sharp edges and
relatively plane sides with
unpolished surfaces.

Subangular - particles are similar to angular
but have somewhat rounded

edges.

a 3 Subrounded - particles exhibit nearly plane
3 sides but have well-rounded

corners and edges.

j Rounded - particles have smoothly curved

sides and no edges.

Calcareous : Containing calcium carbonate; presence of cal-
cium carbonate is commonly identified on the
basis of reaction with dilute hydrochloric

I acid.

Caliche : Soils cemented by calcium carbonate and/or
other soluble minerals by upward-moving

j solutions.

Degree ofj Cementation: (Stages of development of caliche profile)

Stage Gravelly Soils Nongravelly Soils

i I Thin, discontinu- Few filaments or
ous pebble coatings faint coatings

I
5 f "CR0 mAviOawa sw
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I
II Continuous pebble Few to abundant

- icoatings, some nodules, flakes,5 interpebble fill- filaments
ings

III Many interpebble Many nodules and
fillings internodular

fillings

IV Laminar horizon Increasing carbon-
overlying plugged ate impregnation
horizon

Secondary
Material : Example - Sand with trace to some silt

I Trace - 5-12% (by dry weight)
Little - 13-20% (by dry weight)1 Some - >20% (by dry weight)

Plasticity Plasticity index is the range of water con-
tent, expressed as a percentage of the weight
of the oven-dried soil, through which the soil
is plastic. It is defined as the liquid limit
minus the plastic limit. Descriptive rangesJ used on the logs include:

Nonplastic (PI, 0 - 4)
* Slightly Plastic (PI, 4 - 15)
I Medium Plastic (PI, 15 - 30)

Highly Plastic (PI, >30)

I Cobbles and
Boulders : A cobble is a rock fragment, usually rounded

by weathering or abrasion, with an average
diameter ranging between 3 and 12 inches.

A boulder is a rock fragment, usually rounded
by weathering or abrasion, with an average
diameter of 12 inches or more.

I. Remarks - This column was provided on test pit logs for
comments regarding number and size of cobbles or boulders
encountered, trench wall stability, and other conditions
encountered during excavations.

j K. Sieve Analysis - The numbers represent the percentage by
dry weight (ASTM D 422-63) of each of the following soil
components:

GR - Gravel, rock particles that will pass a 3-inch sieve
and are retained on No. 4 sieve.

!
! .J"JCRO NaygmNaa awn
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SA - Sand, soil particles passing No. 4 sieve and retained
on No. 200 sieve.

FI - Fines, silt or clay, soil particles passing No. 200
sieve.

L. Atterberg Limits (LL and PI) -

LL - Liquid Limit, the water content corresponding to thejarbitrary limit between the liquid and plastic states
of consistency of a soil (ASTM D 423-66).

PL - Plastic Limit, the water content corresponding to anarbitrary limit between the plastic and the semisolid
state of consistency of a soil (ASTM D 424-59).

PI - Plasticity Index, numerical difference between the
liquid limit (LL) and the plastic limit (PL) indicat-
ing the range of moisture content within which a soil-F water mixture is plastic.

NP - Nonplastic.

a

A

I

1
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PON

DEPTH ~
m SIEVE

-hSOIL DESCRIPTION REMARKS ANALysis

a 3 b -JIAIA Fl L. P11

j UU .**,* .. ,GRAVELLY SAND. red-brown, fine to coarse,

well graded, slightly moist, subangular, calcareous;
little fine gravel; trace nonplastic silt; trace

1 den. cobbles and boulders to 14" size; stage I caliche
(0.0.611. stage 11 caliche (2.0'-2.5').

I M19 6912 NP

wOry
denseye

I TOTAL DEPTH 2.5' (0.8 m)
3-

4-

r 1
SURFACE ELEVATION:
SUIFICIAL GEOLOGIC UNIT: LOG OF TEST PIT B-P-i

1 - - - GRAVELLY SAND, light brown to white, fine
to coarse, poorly graded, slightly moist, angular
to subangular, calcareous; some fine gravel; trace

a j1 IP very nonplastic silt; trace to little cobbles end boulders
S- dense to 13" size; steJI] caliche.

26 617 NP

TOTAL DEPT H 2.0 (0.6 m)

3-

SURFACE ELEVATION:
SURFICIAL GEOLOGIC UNIT: LOG OF TEST PIT B-P-2_______________________

LOGS OF TEST PITS B-P-1 AND 8-P-2, TEST TRACK B
ETB MOBILITY STUDY

NEVADA TEST SITE, NEVADA IUa

III SITING INVESTIGATION A-1

OEPARTMENT OF THE AIR FORCE r no I

NA F-IS



24SOIL DESCRIPTION REMARKS ANALYSIS

GRAVELLY SAND, red-brown, fine to coarse,SIE LLP

dense poorly graded, slightly moist, angular to
subangular, calcareous; some fine to coarse angular1 to subangular gravel; trace nonplastic silt; trace
cobbles and boulders to I5" size; stagelIffcaliche

SP (.-3O)SM0-30) 31 60 9 NP

very
2. dense

1 _ _ _ _ _ _

1 TOTAL DEPTH 3.0' (0.9 m)

4-

SURFACEELEVATION: -

SUIFICIAL GEOLOGIC UNIT: LOG OF TEST PIT B-P-3

j 0 0 ~GRAVELLY SAND, light brawn, fine to coarse,
poorly to well graded, dry, angular to subangular,
calcareous; some fine angular to subangular
gravel; trace nonplastic silt; stagel-il caliche

1 (a.0'-4.0');stage UI-I caliche (4.0'-4.5').

SP- 36 57 7 NP
S M

loose

122 73 5 NP

3
126395 NP

SW
SM

4
vydense ___ __[ TOTAL DEPTH 4.5 (1.4 m)

SURFACE ELEVATION:LOOFTSPI .4
SURFICIAL GEOLOGIC UNIT: LGO ETPTB-- ____________________

LOGS OF TEST PITS B-P-3 AND B-P4, TEST TRACKB

I . ETB MOBILITY STUDY
NEVADA TEST SITE, NEVADA

111X SITING INVESTIGATION FI"GURE
O EPARTMENT OF THE AIR FORCE r - A-2

Lfi iD MATEDAI OO
/ USAF-3S



~ DEPTHSIEVE

SOIL DESCRIPTION REARKS ANALYSIS

M ____ _ NSA F ILL P1I

GRAVELLY SAND, red-brown to white-brown,'
fins to coarse, poorly graded, slightly moist,
angular to subangular, calcareous; some tine
angular to subangular gravel; trace nonpiastic silt;
occasional cobbles to 5" size; stagell caliche

(OZD-3.5'J; stage D-U fcaliche (3.5'-4.6). 23 65 12 NP

S.dense
2- SM

3

very
dense

TOTAL DEPTH 4.0' (1.2 m)

SURFACE ELEVATION:
SURFICIAL GEOLOGIC UNIT: LOG OF TEST PIT B-P-5

0G 0RAVE LLY SAND, light brown-white, f ine to*1 coarse poorly graded, dry, angular, calcareous;
dne little fine gravel; trace nonplastic silt; stage IM~

j 1. .... ~caliche throughout.cmetin

denseceetio

....SP
*Sm 20 71 9 NP

* dense

O r ~ ~~~TOTAL DEPTH 5.0' (1.5 m)_______
SURFACE ELEVATION: _ _ _ _ _ _ _ _ PT BP
SURFICIAL GEOLOGIC UNIT:LGO ETPTBPB_______________________

LOGS OF TEST PITS B-P-S AND B-P-6. TEST TRACK 8
ETB MOBILITY STUDY

NEVADA TEST SITE, NEVADA.

MX SITING INVESTIGATION FIGURE

DEPARTMENT OF THE AIR FORCE B UD A-3

_____ ____ ____ ____ _____ _ NA IONA END



ulDEPTH SI ECITO IV

MA W SI ECITO REMARKS ANALYSIS

asI-.I

U. j sit___ USA FI LL Fl_
aUU SAND, red-brown, fins to coarse, poorly graded,

slightly moist, subangular. calcareous; trace

fins angular to subangular gravel; trace nonplastic

1 -. ~silt; stage]Ycaliche (2Z02.1
SM dense

11 7910 NP

ii ~~~~2 ____ _______________________

TOTAL DEPTH 2.2 '(0.7 m)

3-

4-

I
S URFACE ELEVATION:
SURFICIAL GEOLOGIC UNIT: LOG OF TEST PIT B-P-i

1 2-

3-

4-

SURFACE ELEVATION* LOG____OF___TEST____PIT__
SURFICIAL GEOLOGIC UNIT: LGO ETPT ________________________

LOG OF TEST PIT B-P-7, TEST TRACK 8

.ETB MOBILITY STUDYINEVADA 
TEST SITE NEVADA FGR

MX SITING INVESTIGATIONA-1 DEPARTMENT OF THE AIR FORCE rIgoA-

_____ _____ _____ _____ _ - * NATIONAL, INC.
- USAF-38



5 DEPTH _ _ __ _ _ _ _

AL SIEVE
SOI DESCRIPTION EAK A

iW1 -j on lSA FIILLIPt
PTH GRAVELLY SAND, red-brown to light

brown-white, fine to coarse, poorly graded, slightly
moist. subangular, calcareous; liftl fine subangular

II Z1 loose gravel; trace nonplastic silt; stage il-r caliche

16 75 9 NP

ii SP
SMvery

3-dense strongly cemented

. 4-

- dense

I~~ _ __ _ _

TOTAL DEPTH 5.4'(1.6m)

2 7

'-I-

.3

S5oiFACE ELEVATION: J
SURFICIAL GEOLOSIC UNIT: LOG OF TEST PIT B-P-8

LOG OF TEST PIT B-P-a, TEST TRACK B
a ETB MOBILITY STUDY

NEVADA TEST SITE, NEVADA

MI SITING INVESTIGATION
DEPARTMENT OF THE AIR FORCE - Wej'-



itm~T a SOIL DESCRIPTION REMARKS AAYI

SSAND, brown, fieto medium, poorly graded, L

SP. medium
SM- dense

2 4 89 7 NP

3-
1GRAVELLY SAND, brown, fine to coarse, poorly 13 80

graded, dry.subangular to subroundad, calcareous;
medium trace to some tine to coarse subangular to

4dense subrounded gravel; trace nonpiastic slt;

some cobbles and boulders to unknown sizeI
....................SP- (partially exposed); stage X~ caliche (4.5-2.6).

SM

very
denseJack hammer

43 52 5

h TOTAL DEPTH 6.0' (1.8m)

I .2

7-

r 9-

SURFACE ELEVATION:
SURFICIAL IEOLOSIC UNIT: LOG OF TEST P IT C -P-1

LOG OF TEST PIT C-P-i1, TEST TRACK C
2~~~~~~T MOBILITY________STUDY ___

NEVADA TEST SITE, NEVADA

MX SITING INVESTIGATION ~ sa
DEPARTMENT OF THE AIR FORCE - NO A-6

ag AIWL IN&PI

U-AF-2



46 SIEVE
SOIL DESCRIPTION REMARKS ANALYSIS

-~ SAND, brown, fine to coarse, poorly graded,
slightly moist, suhangular to subraunded,
calcareous; trace to l ittle fine gravel; traceii nonplastic silt; occasional lenses of fine to coarse

...... .. subangular to subrounded gravel.

5 85 10

~I, 2SP- medium
SM dense

14 77 9

'C ~ SANDY GRAVEL, brown, fine to coarse, poorly
Q.. oC veryP graded, slightly moist, subangular to subrounded,

C-4 0 G es calcareous; some fine to coarse subangular
.0 0:0to subrounded send; stage IV caliche (4.5'-4.7');

sage I-lIcaliche (4.7'-5.5').

2 TOTAL DEPTH 5.5' (1.7m)

.3

SURFACE ELEVATION:
SURFICIAL GEOLOGIC UNIT: LOG OF TEST PIT C-P-2_ ________________

LOG OF TEST PIT C-P-2, TEST TRACK C
ETB MOBILITY STUDY

NEVADA TEST SITE, NEVADA

NX SITING INVESTIGATION P61

DEPARTMENT OF THE AIR FORCE _ No A-7

________________________________ NATUD AL IN A-I
USA-



DEPTH-SIE

Z. SOIL DESCR~IPTIN REMARKS ANALYSIS

- I l1ISAFt LL PI

TT - SAND, brown, fins to medium, poorly graded,

slightly moist to dry, subangular to subrounded,
calcareous; trace nanpiintic silt; trace fine gravel;

stae X caliche at 5.01.

medium 5 87 8

2 dense

S4 487 9
SM-

SS

4 -- 2 88 10
dense

j ________ ~TOTAL DEPTH 5.0' (1.5m). ______

SURFAICE ELEVATION:
SURFICIAL GEOLOGIC UNIT: LOG OF TEST PIT C-P-3

1 0 SAND, brown, fine to coarse, poorly graded,
slightly moist, subangular to subrounded,
calcareous; trace nonpiastic silt; trace fine gravel.

6 8311
a sP-

SM dense

2
9 81 10

.SM' dense GRAVELLY SAND, brown, fine to coarse.wefl
Smgraded, slightly moist, subangular to subrounded, 20 74 6

calcareous; Ilittle fine gravel; trace nonplastic silt.
4- TOTAL DEPTH 3.5' (1.1m)

$ URFA-CE ELEVATION: _ _ _ _ _ __TPI CP-
SUIPICIAL GEOLOGIC UNIT: LGO ETPTCP4_______________________

LOG OF TEST PIT C-P-3 AND C-P4, TEST TRACK C
ETBI MOBILITY STUDY

NEVADA TEST SITE, NEVADA FGR

MX SITING INVESTIGATION

DEPARTMENT OF THE AIR FORCE r N A-8

- DUEO NATIONAL, INC.
II USAF-39
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B1.0 CONE PENETRATION TEST METHOD

B1.1 Equipment

The equipment consisted of a truck-mounted [17.5 tons gross

weight] electronic cone penetrometer equipped with a 15-ton

friction cone (cone end resistance capacity of 15 tons and

4-1/2-ton limit on the friction sleeve). All operating con-

trols, recorder, cables, and ancillary equipment were housed in

the specially designed vehicle which was completely self-con-

tained. The penetrometer, the key element of the system,

contained the -iecessary load cells and cable connections. One

end of the unit was threaded to receive the first sounding rod.

When carrying out the tests, hollow rods with an outside diam-

eter of 1.42 inches and a length of 3.3 feet were used to push

down the cone.

The hydraulic thrust system was mounted over the center of

gravity of the truck, permitting use of the full 17.5-ton

truck weight as load reaction.r The cone had an apex angle of 600 and a base area of 2.3

in2 . The resistance to penetration was measured by a built-in

load cell in the tip and was relayed to the surface recorder via

cables in the sounding rods. The friction sleeve, having an

area of 31.4 in2 , was fitted above the cone base. The local

friction was measured by load cells mounted in the friction

sleeve and recorded in the same manner as the end resistance.

The end resistance and friction resistance were recorded on a

[strip chart.

[ j GR0 6MATiuaOa *n
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B-2

Bl.2 Test Method

Tests were performed in accordance with ASTM D3441-75T, 4nta-

tive Method for Deep, Quasi-Static, Cone and Friction-Cone

Penetration Tests of Soil." Basically, the test was conducted

by positioning the electronic cone penetrometer truck over the

designated area for testing, setting the outriggers on the

ground surface, checking the level of the rig, then pushing the

cone into the ground at a rate of 0.79 in/s until refusal

(defined as the capacity of the cone, friction sleeve, or

hydraulics system) or the desired depth of penetration was

reached.

.1

"1..avo ,,, N
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B2.0 CPT RESULTS

The results of all cone penetration tests are presented in

Drawings B-i, and B-2. Explanations of the test results are as

follows:

A. Depth - Corresponds to depth below ground surface.

B. Cone Resistance - The resistance to penetration developed by
the cone, equal to the vertical force applied to the cone
divided by its horizontally projected area.

C. Designation - Each cone penetrometer test is identified by a
number: for example C-1.

C - abbreviation for the CPT
1 - number of the test

D. Soil Column - A graphical presentation of the soil type
versus depth at those cone penetrometer test locations where
the corresponding test pits are five (5) to ten (10) feet
away. The Unified Soil Classification Symbol for each
different soil type is listed immediately to the left of the
soil column. Immediately below the soil column,where
applicable the number for the corresponding test pit at each
CPT location is given.
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FN-TR-ETB-l C-I

C1.0 EXPLANATIONS OF LABORATORY TEST
METHODS AND RESULTS

Laboratory test results are presented in this section. Table

C-1 contains a summary of laboratory test results. This

table contains results of sieve analysis; plasticity data;

in-situ dry unit weight, moisture content, results of compac-

tion tests; and specific gravity of solids. Other tests such as

triaxial compression and California Bearing Ratio (CBR) are

I indicated on the table. Tables C-2 through C-5 present results

of triaxial compression and CBR tests.

All tests were performed in general accordance with the American

I Society for Testing and Materials (ASTM) procedures. The

I following list presents the ASTM designations for the tests

performed during the investigation.

Type of Test ASTM Designations

Particle Size Analysis D 422-63
Liquid Limit D 423-66

Plastic Limit D 424-59
Moisture Content D 2216-71
Compaction D 1557-70

Relative Density D 2049-69
Specific Gravity of Solids D 854-58
Triaxial Compression D 2850-70
California Bearing Ratio (CBR) D 1883-73

I Explanation for the tables and figures presented in this section

are as follows.

A. Test pit Number - Test pit designation.

B. Sample Number - Prefix indicates the type of sample; expla-
nation is at the bottom of the table.

C. Sample Interval - This is the depth range measured from[ ground surface over which the sample was obtained.

.. G " iATlA i...
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D. Percent Finer by Weight - Presents the results of laboratory

particle size analysis (ASTM D 422-63) performed on repre-I sentative soil samples at the depth indicated. The numbers
represent the percent (by dry weight) of the total sample
weight passing through each sieve size indicated.

I E. Atterberg Limits (ASTM D 423-66 and D 424-59)

i LL - Liquid Limit, the water content (as percent of soil dry
'" weight) corresponding to the arbitrary limit between

the liquid and plastic states of consistency of a soil
(ASTM D 423-66).

PL - Plastic Limit, the water content corresponding to an
arbitrary limit between the plastic and the semisolid
state of consistency of a soil (ASTM D 424-59).

PI - Plasticity Index, numerical difference between the
liquid limit (LL) and the plastic limit (PL) indicating
the range of moisture content within which a soil-water
mixture is plastic.

NP - Nonplastic.

F. USCS - Unified Soil Classification Symbols are given here;
see Table A-1 in Appendix A for complete details of USCS
system.

G. In Situ - Presents results of field density and moisture
I contest tests.

Dry Unit Weight - indicates dry unit weight of soil deter-
mined as per sand cone method (ASTM D
1556-64)

Moisture Content - weight of water reported in percent of
dry weight of soil sample

H. Compacted - Indicates results of laboratory maximum dry
I density and optimum moisture content test as per ASTM

D 1557-70.

I. Specific Gravity of Solids (ASTM D 854-58) - Indicates the
ratio of (1) the weight in air of a given volume of soil
solids at a stated temperature, to (2) the weight in air of
an equal volume of distilled water at a stated temperature.

J. Triaxial - The triaxial compression tests were performed in
accordance with the procedures of ASTM D 2850-70. The

j following explanations and definitions apply.

I
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I
Triaxial Compression Test - a cylindrical specimen of soil
is surrounded by a fluid in a pressure chamber and sub-

I jected to an isotropic pressure. An additional compressive
load is then applied, directed along the axis of the speci-
men called the axial load.

l Consolidated-Drained (CD) Test - a triaxial compression
test in which the soil was first consolidated under an all-

' around confining stress (test chamber pressure), and was
* then compressed (and hence sheared) by increasing the

vertical stress. "Drained" indicates that excess pore water
pressure generated by strains are permitted to dissipate by
the free movement of pore water during consolidation and
compression.

Consolidated-Undrained (CU) Test - a triaxial compression
test in which essentially complete consolidation under the
confining (chamber) pressure is followed by a shear test at
constant water content.

Confining Pressure (G3 ) - the isotropic chamber pressure

applied to the soil specimen during consolidation and
I compression.

Maximum Deviator Stress (GI - G3 ) - the difference be-
tween the major and minor principal stresses in the specimen
at failure. The major principal stress on the specimen is
equal to the unit axial load plus the chamber pressure and
the minor principal stress on the specimen is equal to the

I chamber pressure.

Strain Rate - axial strain, E, at a given stress level is
*defined as the ratio of the change in length ( L) of the

specimen to the original length of the specimen (Lo). The
rate of strain was controlled during the test so that this
ratio increased at equal increments for each minute of
testing.

Back Pressure - pressure in excess of atmospheric applied
to the pore water of a soil sample. Back pressure is usu-
ally applied to (1) increase saturation of the sample, or
(2) simulate the actual in-situ pressure regime.

j K. CBR - California Bearing Ratio (CBR) is the ratio (in
percent) of the resistance to penetration developed by a
subgrade soil to that developed by a standard crushed-rock
base material. The procedures for conducting a CBR testIa
were as outlined in ASTM D 1883-73. The materials tested
for CBR were also analyzed for particle size distribution
(ASTM D 422-63) and compaction characteristics (ASTM D
1557-70), as well as relative density (ASTM D 2049-69). The
term "percentage of maximum density" indicates the ratio

i (as a percentage) of the dry unit weight of the compacted
sample to maximum dry density obtained in the laboratory

I fU RG **TIONAA MOC
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from ASTM D 1557-70, "Moisture-Density Relations of Soilsa,-, :,. Using 10-pound Hammer and 18-inch Drop."

L. Relative Density (R.D.)- indicates the state of denseness

of a soil and is defined by:

R.D. = Ya maximum (Yd - Yd minimum) x 100%
d (Yd maximum - Yd minimum)'I

where Yd maximum, Yd minimum and Yd are the dry densities
of the soil as determined in the laboratory per ASTM method
of test D-2049-69.

e
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I
PERCENT FINER BY WEIGHT

SAMPLE INTERVAL STANDARD SIEVE OPENING U S STANDARD SI

-- ____.__ BLURS. COBBLES GRAVEL SAND

FEET METERS 24" 12* 6" 3" 1" 3/4" 3/8" 4 10 40
B-P-I B-1 1. 0-2. 9. 30-0.61 100 99 92 81 71 54
B-P-2 B-I 1. 3-2.' 0.30-0.61 100 97 84 74 67 53

B-P-3 B-i 1.0-2.0 0. 30-0.61 -00 94 84 69 59 4,
B-P-4 B-1 1. 0-2.) D.30-0.61 100 19 82 64 51 34

b-2 2.0-3.0 0.61-0.91 100 '6 78 61 29
b-3 3.3-3.5 0.91-I. 0 _7 100 'J3 74 47 19

b-P-5 B-1 !. 0-2.0 0.30-0.61 100 98 88 77 67 48
B-P-6 B-I 2.0-3.0 0.61.0.91 1 O0 96 89 80 72 52

H-P-7 B-i 1.0-2.0 0.30-0.61 100 97 96 89 81 61

B-P-8 B-i 1.0-2.0 0.30-0.61 100 -8 93 84 74 59

2-P-i B-I 1.0-3.0 0.30-0-91 100 99 6 33 82
b-3 3.1-3.5 0.91-1 .07 ,W)0 1)5 87 77 56

B-5 5.0-6.0 1.52-1.83 100 97 84 70 57 47 25
C-P-2 B-I 1.0-2.0 0.30-0.61 I ) _) _)_5 92 79Ib-1 3.0-3.5 0.91-1.07 100 94 86 77 59)

C-P-3 B-i 1.0-2.0 0.3;-o.61 100 98 95 9,3 74
b-2 2.0-2.5 0.61-0.76 100 98 96 )2 79
f3-3 3. 0- 5.0 0.91-_1. 51 100 98 95 83

C-P-4 b-i 1.0-1.5 0.30-0.46 100 98 94 86 7c
b-2 2.0-2.5 0.61-0.76 100 97 91 86 70

b-3 3. '-3. 5 0.q1-1.07 10 91 80 68 49

NOTES:

(a) Sample types (c) USCS - Unified Soil Classification System

B.b -Bulk

(b) NP - Not Plastic (d) * Indicates that test has been performed

I and results are included in this report

... t



NE BY WEIGHT IN-SITU COMPACTED

U S STANDARD SIEVE ND PARTICLE ATTERBERG u~s DRY UNIT ME DRY MU DENITSIZ.(m) LMIS (b) Uscs'
SAND SILT OR CLAY (c) -EIGHT ___; 2 D DENSITY

10 40 100 200 .005 1.001 LL I P P1I (pcI) hk,/n)  w ., cf) (kg/,3) Co

81 71 53 20 12 NP SW-SM 115. 18 57 8.0 2.64

74 67 53 15 7 NP s f 74

69 ' 1 17 9 NP41 OP-SM 113 5 181h 7. ___ ____ .G

64 51 34 14 7 .NP slP-SIM 105.2 1685 4.8 122.8 1967 10.

78-- 61 21) 1. 5 141__ NP SP-SM 104. d 1679 3. 0
74 47 19 C 5 NP SW-SM 112.1, 17J6 2.-)

77 07  48 20 12 . .. . NP SP-SW 114.51 1834 7.0

8I 72 52 1 9 . . NP sP-SM )3.7 1501 3 2 117.2 1878 2

89 81 61 21 Ij "_-_NP SP-SM 109.6 1757 5.4 123.1 1972 0.8
3 84 74 5) 17 . .. NP sP-SM 99.91 1600 4.7

96 )3 82 23 7 _ _ :14N11 SP-SM 110.2. 1765 4.9 1 1)7.3 1719 12.0
87 77 56 13 7 S P-SM 108.51 1738 7. C-

* 57 47 25 5 OP-3M __.1

J5 9 ) 79 24 10 "_"_p-SM 105.0 1682 3.0 "2.G

86 77 5,9 1 . .. . S,-SM 107.8 1727 6.8

__95 goO 74 I 3 r -MM 108.5 1738 5.6 111.0 177b 12.bSI96 )2 79 23 sp-SM 100.0i 1602 G6.I

0 98 95 Ri :7 1 ) SP-SM 107.4 1721 5.9
94 88 7(, 25 11. . SP-SM 97.91 1568 5.8

7 91 86 70 23 lo) _____P-SM 104.81 1679 6.1
1 80 68 49 12 _SW-SM 112.0 1794 b.2

: . - . . 1



L PL Pt (pci) (ki/ 3 )in i- CC (pef) (kg/a3 )o 40i
NP SW-SM 115.) 1 7 3.0 2.66

NP SP-S '-I

.NJP S8-SM 113 5 181 7._ 2.61
*jp Si-Sm 105.2 185 4.8 122.8 1367 -0.0 2.64 *

N2 sp-SM 104.8 1679 3-J •

NP SW-SM 112.1 17J6 2.,)

NP SP-SW 114.5 1834 7. J

NP SP-SM p3;.7 1501 3 2 1 117.2 1878 12.3 2.63

NP SP-SM 109.6 1757 5.4 123.1 1972 10. 6

NP SP-SM 99.9 1600 4.7 2_._6_

N P SP-SM 110.2 1765 4. 9 1_ 107.3 1719 12.0 2.61
sP-s:i, 108.5 1738 7.(,,

SP-SM 105.0 1682 . 2.61

SI'-SM 107.8 1727 6.8
SP-SM 108.5 1738 5.6 ii,.o 1778 12.5 *

SP-SM uJ.J 1u02 6.1
SP-SM 107.4 1721 5.')
SP-SM 97.9 1568 5.6

sP-SM 104.6 1679 1.
SW-SM 112.0 1794 b.0 2.62

______________ __________ ________________________[
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